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Sub-regions of the polar region 
2 
Grodent et al. 2003 
How big is the polar cap? 









Waite et al., 2001 











Quasi-periodic polar flares 
¨  The quasi-periodicity can only be seen on long 
time-tag sequences 
Bonfond et al., 2011 
 
Quasi-periodic polar flares 
~7000km 
~27000km 
Vogt et al., 2011 
Bonfond et al., in preparation 
Opposite hemispheres 
North and South 
















Hospodarsky et al., 2004 
Kimura et al., 2012 
Ulysses/COSPIN/HET, 
Channel H9 (e-  >16MeV) 
2-3 minutes long sub-
structures in the 40-
minutes bursts 
Consecutive 
large bursts 40 
minutes apart 
Electron bursts (Ulysses): 144s 
McKibben et al., 1993 
>16MeV electrons 
Polar aurora: Different types of flares? 
¨  Quasi-periodic flares: only obvious in 6 cases out 
of 14 in the HST/Exceed campaign 















Polar dawn spots 
14 
Radioti et al.2008, 2012 
Plasma injection signatures 
15 
Mauk et al. 2002 
Statistics of injection signatures 
16 
Dumont et al. 2014 
A major component of the aurorae 
17 
Bonfond et al. 2012 
A major component of the aurorae 
18 
Kimura et al. 2015 
Transient small scale feature 
19 
Palmaerts et al. 2014 
Widespread phenomenon on giant planets 
¨  Io, Europa and 
Ganymede footprints 
¨  Saturn: Enceladus 
footprint 
20 
Cf. Clarke et al. 2002, Pryor et al., 2011 







































































Inertial Alfvén waves + filamentation 
24 
Jupiter Io Distance 
Jones and Su, 2008 










Bonfond et al., 2013 
Reflected Alfvén waves 
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Trans-hemispheric electron beams 
26 
Spots multiplicity evolution 
























The multiple spots of the Europa 
footprint 
Bonfond et al., in preparation 
Interspot distance variations 
Bonfond et al., 2013 
30 
¨  For a same S3 longitude, the distance can vary 
31 
Tails for the Europa and Ganymede 
footprints 
Ganymede footprint Europa footprint 
Bonfond et al., in preparation 










¨  Peak altitudes:  
¤  Main spot: 900 km 
¤  TEB spot: 700 km 
¤  Tail: 900 km 
Gérard et al. , 2014 
Trailing tail models: steady state vs. 
Alfvén waves’ multiple reflections 
H
ill and 
 Vasyliunas, 2002 
D
elam
ere et al., 2003 
Jacobsen et al., 2007 
Estimate of the electrons energy 
¨  Monte-Carlo electron energy 
degradation model for 
theoretical distributions 
¨  Only the Kappa distribution 
reproduces the observations 
¨  Mean electrons energy: 
~1keV (in  lieu of 55 keV) 
¨  Contradicts models based on 
quasi-static electric fields Bonfond et al., 2009 
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Vertical distribution of the IFP tail 
35 
Bonfond et al., in preparation 













Grodent et al., 2009 






































The usual case 
Bonfond et al., 2012 
An unusual case 
Bonfond et al., 2012 
















Which parameter is the more likely 
to operate? 
¨  Hess et al., 2013 
41 
Ionosphere scale height 
Lobe density 
Torus scale height 
Torus density 
Color ratio of the GFP 
42 
Gustin et al., 2016 












Take home messages 
¨ The aurorae are made of many 
components 
¨ The polar region is still poorly understood 
¨ All footprints are made of at least 2 spots 
and a tail 
¨ Footprints interact with injections 
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